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INTRODUCTION 

Vaccination  with  DNA  leads  to  in  vivo  expression  of  the  encoded  antigens  (1-3)  with  the 
subsequent  induction  of  specific  humoral  and  cellular  immune  responses  (4-7).  The 
endogenous  production  of  antigen  following  DNA  delivery  into  the  host  cell  mimics 
certain  aspects  of  live  attenuated  vaccines  without  the  safety  and  stability  concerns 
associated  with  administration  of  an  infectious  agent. 

Plasmid  DNA  can  be  introduced  into  a  host  by  intramuscular  (1,  3,  5,  8)  or  intradermal 
(42)  inoculation.  A  more  efficient  method  to  introduce  DNA  is  by  direct  intracellular 
delivery  of  plasmid  DNA-coated  gold  beads  into  the  skin  (4,  6,  7,  9, 1 0)  or  mucosal 
surfaces  (11, 12)  using  a  gene  gun.  Skin  and  mucosa  are  ideal  target  sites  for  DNA 
vaccination.  Both  are  populated  by  antigen  presenting  cells  and  immunologically 
competent  for  the  elicitation  of  humoral  and  cytotoxic  cellular  immune  responses  (13, 

14).  Furthermore,  the  gene  gun  is  highly  efficient  at  inducing  both  types  of  responses 
following  delivery  of  DNA  to  epidermal  cells  of  the  skin  (2,  7,  9, 10). 

The  mucosal  surface  is  a  primary  route  for  HIV  infection.  The  largest  mucosal  surface  in 
the  body,  the  gut-associated  lymphoid  tissue  (GALT),  consists  of  organized  lymphoid 
tissue  as  well  as  large  numbers  of  activated  CD4+  T  cells  and  contains  most  of  the 
lymphoid  tissue  in  the  body  (15).  Recent  evidence  has  shown  that  the  gastrointestinal 
tract  is  a  major  target  site  for  SIV  replication  and  early  CD4+  T  cell  loss  following 
intravenous  inoculation  with  pathogenic  SIV  (16).  These  observations  suggest  that  the 
gut-associated  lymphoid  tissue  (GALT)  is  a  crucial  target  site  for  early  replication  of 
immunodeficiency  viruses  following  either  intravenous  or  mucosal  infection.  A 
prophylactic  vaccine  against  HIV  is  likely  to  be  most  effective  if  it  induces  an  appropriate 
immune  response  at  the  site  involved  in  the  earliest  stages  of  viral  infection.  Therefore,  a 
candidate  vaccine  against  HIV  may  need  to  induce  mucosal  immune  responses. 

The  relationship  between  prognosis  in  HIV-1  infection  and  plasma  viremia  has  been 
well-established  (17).  Although  no  single  measure  of  immunity  has  been  found  to  be 
predictive  of  in  vivo  control  of  HIV  replication,  evidence  is  mounting  that  cytotoxic  T 
lymphocytes  (CTL)  play  an  important  role.  HIV  infected  patients  with  strong  CTL 
responses  demonstrate  reduced  acute  viremia  (18),  and  high  levels  of  virus-specific  CTL 
are  associated  with  long  term  survival  (19).  In  contrast,  patients  with  low  or  undetectable 
CTL  poorly  control  acute  viremia  and  progress  more  rapidly  to  AIDS  (20).  These  results 
strongly  suggest  that  an  efficacious  prophylactic  vaccine  against  HIV  will  need  to  induce 
cytotoxic  T  lymphocyte  (CTL)  responses. 

A  promising  application  of  an  HIV  vaccine  that  induces  CTL  is  in  the  setting  of  anti-viral 
therapy.  Drug  therapy  of  HIV-infected  individuals  can  significantly  reduce  virus  load 
with  subsequent  induction  of  T  cell  recovery  and  delay  in  disease  (21).  An  immunization 
regimen  that  induces  HIV-specific  CTL  may  be  effective  during  the  T  cell  recovery 
associated  with  highly  active  anti-retroviral  therapy  (HAART).  In  particular,  vaccine 
induction  of  CTL  could  effectively  target  residual  infected  cells  and  reduce  or  eliminate 
virus  load. 
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Based  on  these  observations,  we  believe  induction  of  CTL  and  mucosal  immune 
responses  offer  the  most  promising  strategies  for  the  development  of  an  efficacious 
vaccine  against  HIV.  Therefore,  during  the  period  of  September  30,  1997  to  September 
29, 1998,  our  research  efforts  have  focused  primarily  on  methods  to  enhance  CTL 
responses  and  induce  mucosal  immune  responses  by  gene  gun-based  DNA  immunization. 
In  addition,  we  initiated  2  challenge  studies  in  the  SIV  macaque  model  to  test  the  role  of 
CTL  and  mucosal  immune  responses  in  protection.  These  efforts  emerged  in  pursuit  of 
the  specific  aims  suggested  in  our  contract 
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RESULTS 
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Nonhuman  Primate  Model: 


Background: 

Most  of  our  efforts  have  focused  on  the  simian  immunodeficiency  virus  (SIV)  macaque 
model  for  AIDS  because  it  allows  investigation  of  vaccine  protection  against  both 
infection  and  disease.  We  previously  demonstrated  that  rhesus  macaques  immunized  with 
a  vaccine  regimen  consisting  of  multiple  DNA  inoculations  exhibited  suppressed  viral 
load,  attenuated  CD4+  T  cell  decline,  and  delay  in  progression  to  disease  following 
challenge  with  a  heterologous,  pathogenic  SIV  (22).  In  our  third  funding  year  (96-97),  we 
reported  that  this  regimen  induced  suppressed  antibody  responses  in  the  presence  of 
enhanced  CTL.  These  results  suggested  that  CTL  may  have  played  an  important 
protective  role  in  these  animals. 

Having  identified  a  DNA  immunization  regimen  that  induced  CTL  responses,  we  sought 
to  evaluate  this  regimen  as  an  adjuvant  to  HAART  in  SIV -infected  monkeys.  The  acyclic 
nucleoside  phosphonate  analog,  PMPA,  reduces  virus  load  in  the  SIV-infected  rhesus 
macaques  and  closely  approximates  the  antiviral  state  achieved  by  current  drug  therapies 
in  HIV-infected  humans  (23,  24).  During  this  funding  year,  we  initiated  studies  in  this 
model  to  test  the  potential  of  DNA  vaccines  to  induce  CTL  and  prevent  or  reduce  re- 
emergence  of  viremia  and  subsequent  disease  after  termination  of  drug  therapy.  Initial 
results  demonstrate  that  prior  to  infection  and  treatment  with  PMPA,  multiple  DNA 
inoculations  induced  CTL  in  15  of  20  monkeys,  with  variation  in  CTL  antigen  specificity 
between  monkeys. 

During  the  previous  funding  year,  we  initiated  studies  to  evaluate  the  potential  of  gene 
gun-based  DNA  immunization  to  elicit  localized  mucosal  immune  responses  by 
specifically  targeting  mucosal  tissue.  Recent  reports  indicate  that  gene  gun  DNA 
inoculation  to  the  skin  may  also  be  capable  of  inducing  mucosal  immune  responses 
(Olsen).  In  addition,  delivery  of  DNA  to  mucosal  surfaces  appears  to  elicit  both  mucosal 
and  peripheral  immune  responses  (11,  12).  Based  on  these  observations,  we  sought  to 
determine  if  mucosal  inoculation  provided  an  advantage  over  skin  immunization.  During 
this  funding  year,  we  merged  this  mucosal  study  with  a  parallel  group  of  skin-immunized 
monkeys  to  compare  skin  versus  mucosal  DNA  inoculation  for  the  elicitation  of 
peripheral  (i.e.  responses  localized  in  the  peripheral  blood)  or  mucosal  immune  responses 
(responses  localized  in  the  lamina  propia).  Analysis  of  CTL  responses  demonstrated  that 
while  mucosal  inoculation  is  a  superior  site  to  skin  for  the  induction  of  localized  gut 
CTL,  both  skin  and  mucosal  inoculation  are  equally  effective  for  the  induction  of 
peripheral  blood  CTL. 

In  this  funding  year,  we  initiated  studies  to  further  improve  the  induction  of  CTL  in 
rhesus  macaques  by  gene  gun-based  DNA  immunization.  These  studies  further 
optimized  gene  gun  delivery  parameters  to  monkeys  based  on  the  local  inflammatory 
response  (erythemia)  and  developed  a  method  for  inducing  high  frequency  primary  CTL 
responses.  This  method,  which  combines  a  novel  epitope  expression  vector  with  a 
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recombinant  viral  vector  (modified  vaccinia  Ankara  or  MV  A)  in  a  prime-boost  regimen, 
resulted  in  maximum  specific  CTL  frequencies  of  10-18%  of  total  CD8+  T  cells.  These 
levels  exceed  that  induced  by  acute  SIV  infection  (27)  and  to  our  knowledge,  are  the 
highest  levels  of  vaccine-induced  CTL  responses  ever  detected  in  a  large  animal  model. 

Recent  Data: 


DNA  immunization  as  an  adjuvant  to  HAART  in  SIV-infected  rhesus  macaques:  CTL 
responses  are  crucial  for  elimination  of  virus  once  infection  occurs.  Therefore,  an 
immunization  strategy  that  aims  to  eliminate  residual  virally  infected  cells  in  the  setting 
of  HAART  will  likely  need  to  induce  potent  CTL  responses  at  the  time  of  T  cell 
recovery.  However,  previous  studies  demonstrated  that  DNA  immunization  required 
multiple  doses  and  a  minimum  of  24  weeks  to  induce  maximum  CTL  responses  in  rhesus 
macaques  (22,  28,  29).  Because  of  this  time  requirement,  we  chose  to  immunize  monkeys 
with  a  sufficient  number  of  DNA  doses  to  induce  CTL  prior  to  SIV  infection  and  the 
relatively  short  treatment  (4  weeks)  with  PMPA. 

In  this  study,  20  monkeys  received  9  consecutive  doses  of  DNA  spaced  8  to  12  weeks 
apart.  Each  dose  of  DNA  consisted  of  an  expression  vector  encoding  the 
macrophagetropic  sequences  from  SIVi7e-fr  gag-pol-env.  Three  weeks  following  the 
final  inoculation,  effector  mononuclear  cells  were  purified  from  peripheral  blood  by 
Ficoll-Paque  barrier  density  centrifugation  for  analysis  of  CTL  responses  against  EBV- 
transformed  autologous  B  cell  targets  infected  with  a  recombinant  vaccinia  expressing 
SIV  gag,pol,  or  env.  Preliminary  data  in  Table  1  shows  detection  of  CTL  for  each 
monkey.  Animals  were  scored  as  positive  for  CTL  when  %  specific  lysis  values  were 
greater  than  10  percentage  points  over  background  lysis  against  autologous  B  cell  targets 
infected  with  a  control  vaccinia.  Consistent  with  earlier  findings,  CTL  were  detected  in 
most  animals  following  a  multiple  dose  immunization  regimen.  After  8  doses,  we 
detected  CTL  in  15  of  20  monkeys  (80%).  Levels  of  CTL  were  similar  for  all  monkeys. 
However,  the  specificity  of  the  CTL  response  varied  between  monkeys,  with  most 
responding  to  either  gag  (7  monkeys)  or  env  (9  monkeys). 

These  monkeys  were  divided  into  two  study  groups:  DNA  ONLY  and  DNA  +  PMPA. 
Over  the  next  funding  period,  animals  in  both  groups  will  be  bled  again  6  weeks 
following  the  booster  immunization  for  CTL  analysis  and  then  challenged  intravenously 
with  SIV.  The  DNA  +  PMPA  group  will  begin  daily  treatments  with  PMPA  starting  one 
day  after  the  challenge.  The  DNA  ONLY  group  will  be  left  untreated.  At  the  time  of 
challenge  (t  =  0),  we  will  add  14  naive  monkeys  to  this  study.  Ten  of  these  animals  will 
be  challenged  with  SIV  and  receive  PMPA  treatment  starting  one  day  after  challenge 
(PMPA  ONLY)  and  the  remaining  4  naive  animals  will  provide  infected,  untreated 
controls.  The  efficacy  of  the  DNA-based  immunization  strategy  in  the  context  of 
HAART  will  be  evaluated  in  terms  of  induction  of  relative  levels  of  antigen-specific  CTL 
before  and  at  various  time  points  after  challenge,  and  in  terms  of  virus  load  by 
quantitative-competitive  PCR  and  by  clinical  measures  of  disease  progression. 
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Study  Group 

Monkey 

CTL 

Antigen  specificity 

DNA  ONLY 

7197 

+ 

Gag 

7997 

+ 

Gag 

7497 

+ 

Env 

7897 

+ 

env,  pol 

8397 

+ 

env,  gag 

9097 

- 

7397 

- 

8197 

+ 

env, gag 

8597 

+ 

Env 

8797 

+ 

Gag 

8997 

+ 

Pol 

DNA  +  PMPA 

6997 

- 

7597 

+ 

Env 

6597 

+ 

Gag 

6497 

- 

6697 

+ 

gag,  pol,  env 

6797 

+ 

Env 

6897 

+ 

Env 

8297 

+ 

Env 

8897 

- 

Table  X:  CTL  induction  and  specificity  in  monkeys 
immunized  with  DNA  expressing  SIV17E.FR  gag-pol-env 

Comparison  of  skin  versus  mucosal  immunization  for  induction  of  CTL.  mucosal 
immune  responses,  and  protection  in  rhesus  macaques: 

Efforts  in  the  SIV/macaque  model  have  demonstrated  that  transient  infections  resulting 
from  mucosal  exposure  to  limiting  doses  of  infectious  SIV  can  protect  rhesus  macaques 
from  subsequent  intrarectal  challenge  with  pathogenic  levels  of  SIV  (30).  Furthermore, 
similar  studies  have  provided  evidence  of  an  association  between  mucosal  protection  and 
the  induction  of  gut-associated  CTL  in  the  lamina  propia  (31).  In  addition  to  skin,  the 
gene  gun  can  also  access  and  deliver  DNA  to  the  cells  of  the  mucosal  tissue  by  directly 
targeting  its  surface.  In  our  last  funding  year  (96-97),  we  reported  the  induction  of  CTL 
responses  in  the  lamina  propia  in  3  of  4  monkeys  following  DNA  inoculation  into 
mucosal  tissue.  These  results  demonstrated  that  direct  targeting  of  these  tissues  with  the 
gene  gun  could  induce  a  specific  mucosal  response.  During  this  funding  year,  we 
continued  evaluation  of  the  induction  of  mucosal  immune  responses  by  gene  gun  DNA 
immunization. 

Based  on  recent  data  suggesting  gene  gun  inoculation  to  the  skin  may  be  capable  of 
inducing  mucosal  immunity  (25),  we  sought  to  determine  if  targeting  mucosal  tissue 
offered  an  advantage  over  targeting  skin.  Toward  this  end,  we  merged  these  mucosal- 
immunized  monkeys  with  a  second  group  of  three  monkeys  that  had  been  receiving 
parallel  skin  immunizations  with  the  same  SIV-FR  construct.  All  monkeys  had  received  4 
consecutive  DNA  immunizations  spaced  12-14  weeks  apart.  To  compare  CTL  responses 
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in  the  lamina  propia  and  peripheral  blood,  skin-immunized  monkeys  were  boosted  with  a 
5th  dose  consisting  of  10.0  pg  of  SIV-FR  DNA  delivered  to  the  abdominal  epidermis.  At 
the  same  time,  mucosal-immunized  monkeys  also  received  a  5th  dose  consisting  of  16.0 
pg  SIV-FR  delivered  to  the  inner  cheek  (6.0  pg),  tongue  (6.0  pg)  and  rectum  (4.0  pg). 
Four  weeks  following  the  boost,  a  2  cm  section  of  jejunum  and  accompanying  mesenteric 
lymph  node  were  surgically  removed  from  5  of  these  animals.  Due  to  limitations  in  the 
number  of  gut  resection  surgeries  that  can  be  performed  on  a  single  monkey,  2  mucosal- 
immunized  monkeys  (L999,  L978)  did  not  undergo  additional  surgery  following  the  5th 
dose.  Mononuclear  cells  were  purified  from  the  intestinal  and  lymph  node  tissue  and 
evaluated  for  CTL  activity  against  EBV-transformed  autologous  B  cell  targets  infected 
with  a  recombinant  vaccinia  expressing  SIV  gag  or  env.  The  results  are  shown  in  Figure 
1  below. 


CTL  responses  in  lamina  propia 
of  skin  versus  mucosal-immunized  monkeys 


MONKEY 


Figure  1:  SIV-specific  CTL  activity  in  the  lamina  propia  from  rhesus  macaques 
following  4  (L999,  L978)  or  5  (L736,  L775,  M122,  M223,  P551)  consecutive 
gene  gun  DNA  immunizations  in  the  mucosa  or  skin  with  the  expression  vector 
SIV-FR  {gag-pol-env).  CTL  responses  are  reported  in  %  specific  lysis  at  an 

effector  to  target  ratio  of  20: 1 .  Levels  above  5%  ( - )  are  considered  positive 

in  this  assay. 


We  detected  gut-associated  CTL  responses  in  4  of  4  monkeys  immunized  in  mucosal 
tissue  and  1  of  3  monkeys  immunized  in  the  skin.  These  results  demonstrate  that  although 
DNA  inoculation  to  the  skin  can  induce  specific  mucosal  responses  distal  to  the  site  of 
delivery,  targeting  DNA  directly  to  the  mucosal  tissue  is  more  efficient  in  the  induction 
local  mucosal  immune  responses. 
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To  compare  the  efficacy  of  skin  versus  mucosal  immunization  for  the  induction  of 
peripheral  blood  CTL,  we  increased  the  number  of  skin-immunized  monkeys  from  three 
to  seven  to  improve  statistical  significance.  The  four  monkeys  added  to  the  study  had 
received  parallel  immunizations  consisting  of  identical  plasmid  DNA,  dose,  and  intervals 
between  inoculations.  We  immunized  each  monkey  in  the  skin  or  mucosa  with  3 
additional  inoculations  of  DNA  (for  a  total  of  8)  to  maximize  the  CTL  response.  Four 
weeks  following  the  final  immunization,  peripheral  blood  mononuclear  cells  were 
isolated  from  each  monkey  and  tested  for  CTL  activity  against  autologous  B  cells 
infected  with  recombinant  vaccinias  as  described  above.  The  results  are  shown  in  figure 
2  below: 


CTL  responses  in  peripheral  blood  from 
skin  versus  mucosally-immunized  monkeys 


MONKEY 


Figure  2:  SIV-specific  CTL  activity  in  the  peripheral  blood  from  rhesus  macaques 
following  8  consecutive  gene  gun  DNA  immunizations  in  the  mucosa  or  skin  with 
the  expression  vector  SIV-FR  ( gag-pol-env ).  CTL  responses  are  reported  in  %  specific 

lysis  at  an  effector  to  target  ratio  of  20: 1 .  Levels  above  5%  ( - )  are  considered 

positive  in  this  assay. 


We  detected  specific  peripheral  blood  CTL  in  2  of  3  mucosally-immunized  monkeys  and 
5  of  7  skin-immunized  monkeys.  CTL  levels  were  similar  between  the  two  groups  and 
greater  than  the  levels  seen  in  gut-associated  tissue.  The  stronger  CTL  detected  in  the 
peripheral  blood  may  be  due  to  more  efficient  isolation  of  mononuclear  cells  from  the 
peripheral  blood  than  from  the  lamina  propia.  These  results  suggest  that  inasmuch  as 
direct  inoculation  of  DNA  to  the  mucosa  is  more  efficient  than  skin  inoculation  for  the 
induction  of  localized  mucosal  immune  responses,  it  is  equally  as  efficient  as  skin 
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inoculation  for  the  induction  of  peripheral  responses.  Interestingly,  although  the 
expression  plasmid  used  expressed  both  gag  and  env,  CTL  detected  in  the  lamina  propia 
were  specific  for  only  env.  In  contrast,  CTL  detected  in  the  peripheral  blood  was 
predominantly  specific  for  gag.  This  result  may  be  due  to  differences  in  antigen 
processing  and  presentation  between  cells  of  the  mucosal  associated  lymphoid  tissue 
(MALT)  and  those  of  the  skin  (SALT). 

We  recently  challenged  these  animals  with  pathogenic  SIV  via  intrarectal  inoculation  to 
compare  these  immunization  strategies  for  the  induction  of  protection  against  infection  or 
disease.  Initial  data  are  not  yet  available.  However,  CTL  and  mucosal  responses  varied  in 
this  study  between  animals  from  strong  to  undetectable.  Therefore,  this  challenge  may 
provide  valuable  insight  into  the  role  of  CTL  or  mucosal  immune  responses  for 
protection  against  immunodeficiency  viruses. 

Optimization  of  gene  gun  delivery  parameters  based  on  localized  inflammation  at  the 
target  site:  Our  results  consistently  show  that  multiple  DNA  doses  are  required  to  elicit 
potent  CTL  responses  in  nonhuman  primates,  demonstrating  a  need  to  identify  strategies 
to  improve  the  induction  of  CTL  in  monkeys.  To  overcome  this  obstacle,  we  sought  to 
enhance  overall  induction  of  immune  responses  in  nonhuman  primates  by  further 
refinement  of  gene  gun  delivery  parameters.  Gene  gun  administration  of  DNA  to  the  skin 
results  in  a  mild,  localized  inflammatory  response  as  indicated  by  the  induction  of 
transient  erythema  at  the  target  skin  site.  In  the  previous  funding  year,  we  reported  an 
association  between  the  local  inflammatory  response,  or  degree  of  erythema,  and  the 
induction  of  immune  responses  in  pigs.  Since  we  have  also  observed  a  similar  association 
in  nonhuman  primates,  we  attempted  to  determine  the  optimum  degree  of  erythema  for 
efficient  induction  of  immune  responses  in  rhesus  macaques. 

Toward  this  aim,  we  designed  an  experiment  that  combined  several  gene  gun  delivery 
parameters  to  induce  a  broad  range  of  degrees  of  erythema  at  the  target  skin  site.  Twelve 
monkeys  were  immunized  using  a  combination  of  parameters  that  had  been  shown  to 
have  consistent  influences  on  the  level  of  erythema.  Parameters  in  this  study  that 
increased  versus  decreased  erythema  at  the  skin  target  site  are  listed  below  in  Table  2. 


|  INCREASE  ERYTHEMA 

DECREASE  ERYTHEMA 

Parameter 

Experimental 

Application 

Parameter 

Experimental 

Application 

Increase  number  of  gold 
particles  per  target 

1 .0  mg  gold  /  target 

Decrease  number  of 
gold  particles  per  target 

0.25  mg  gold  /  target 

Increase  delivery  pressure 

500  psi 

Decrease  delivery 
pressure 

300  psi 

Target  site  with  thin, 
softer  skin 

Skin  over  inguinal 
lymph  node  (LN) 

Target  site  with  thicker, 
tougher  skin 

Abdominal  skin  (A) 

Table  2:  Parameters  affecting  the  intensity  of  erythema  at  the  target  skin  site  within  30  seconds  following 
gene  gun  delivery  of  DNA-coated  gold  beads.  Parameters  that  increase  or  decrease  erythema  increase  or 
decrease  the  overall  intensity  of  redness  at  the  target  site,  respectively.  The  experimental  applications  of 
these  parameters  are  the  specific  methods  used  in  this  study  to  increase  or  decrease  the  relative  intensity  of 
erythema.  Various  combinations  of  these  methods  were  used  to  manipulate  the  overall  degree  of  erythema 
induced  in  each  animal.  The  degree  to  which  each  parameter  affects  erythema  is  not  necessarily  equal. 
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As  shown  in  Table  3,  we  deliberately  manipulated  and  combined  parameters  in  each 
monkey  to  induce  broad  range  of  degrees  of  erythema  among  the  animals.  Degrees  of 
erythema  were  scored  30  seconds  after  each  inoculation  and  a  final  erythema  score  was 
determined  by  averaging  the  scores  from  multiple  inoculations  (including  prime  and 
boost)  in  the  same  animal  (Table  3). 


Monkey 

Mg  gold  per 
target 

psi 

Site 

Erythema  score * 

mlU  /  ml  sAg 

N031 

0.25 

300 

A 

0.5 

1.5 

P166 

0.25 

300 

A 

2.5 

2960 

L937 

0.25 

300 

LN  +  A 

2 

5 

M212 

0.25 

300 

LN  +  A 

0.5 

10 

N112 

0.25 

300 

LN 

3 

96 

N706 

0.25 

300 

LN 

3 

214 

N056 

1.0 

500 

A 

2 

91 

L695 

1.0 

500 

A 

1.5 

3.4 

L785 

1.0 

500 

LN+A 

2 

148 

M278 

1.0 

500 

LN+A 

2.5 

476 

M192 

1.0 

500 

LN 

3 

3000 

L842 

1.0 

500 

LN 

4 

406 

Table  3:  Influence  of  parameter  combinations  on  erythema  score.  The  degree  of  erythema 
was  qualitatively  scored  30  seconds  following  delivery  on  a  relative  redness  scale  of  1  to  4 
where  1  =  approximately  25%  of  the  target  site  is  red,  2  =  50%,  3  =  75%,  and  4  =  100%. 

All  targets  were  delivered  into  the  skin  sites  over  the  lymph  node  (LN),  on  the  abdomen  (A), 
or  a  combination  of  both  (LN  +  A).  *Erythema  score  is  a  compiled  average  of  all  target  sites 
following  each  of  2  immunizations  spaced  12  weeks  apart. 


We  chose  to  immunize  these  monkeys  with  two  doses  (prime  and  boost)  of  DNA 
expressing  hepatitis  surface  antigen  (HBsAg)  because  immunization  with  HBsAg  DNA 
results  in  the  induction  of  antibody  responses  in  monkeys  after  only  one  or  two  doses. 
This  rapid  seroconversion  is  therefore  an  advantage  for  efficient  optimization  of  delivery 
parameters  in  monkeys.  Two  weeks  following  the  final  booster  immunization,  plasma 
was  collected  from  each  monkey  and  antibody  responses  to  HBsAg  determined  using  an 
AUSAB  kit  (Abbott).  Antibody  responses  to  HBsAg  shown  in  Table  3  were  plotted 
against  erythema  score.  The  results  are  shown  in  Figure  3  below: 
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Hepatitis  surface  antigen  antibody  responses 
versus  erythemia  score 


•  Erythemia  vs  mlU  /  m! 
- Linear  Regression 


Figure  3:  Linear  regression  analysis  of  hepatitis  antibody 
response  versus  erythema  score  for  each  monkey. 


These  results  demonstrate  that  increasing  the  local  inflammatory  response  at  the  skin 
target  site  has  a  beneficial  impact  on  the  induction  of  immune  responses  following  gene 
gun  delivery.  Since  local  inflammation  results  in  the  recruitment  of  antigen  presenting 
cells  to  the  affected  site,  we  propose  that  the  transient  erythema  observed  following  gene 
gun  delivery  increases  antigen  processing  and  presentation  at  the  target  site.  These 
results  suggest  that  the  gene  gun-mediated  induction  of  immune  responses  might  be 
further  enhanced  by  manipulation  of  dendritic  cells  in  vivo,  including  co-delivery  of 
chemical  adjuvants  or  chemokines  to  promote  recruitment  of  these  antigen  presenting 
cells  (APC).  In  addition,  since  gene  gun  DNA  immunization  likely  results  in  the  direct 
transfection  of  epidermal  dendritic  cells  (32),  alternative  strategies  may  include  pre¬ 
treatment  of  the  target  site  with  various  methods  that  will  increase  gene  gun  targeting  of 
APC. 

Development  of  a  method  for  that  induces  high  frequency  primary  CTL  responses  in 
nonhuman  primates.  The  requirement  for  multiple  DNA  inoculations  to  induce  CTL  in 
rhesus  macaques  responses  in  our  studies  may  be  partly  due  to  the  observation  that  there 
appears  to  be  a  unique  reciprocity  between  HIV  and  SIV-specific  CTL  and  antibody 
responses  following  gene  gun-based  DNA  immunization  (6,  Annual  Report  1996-97). 
We  hypothesize  that  antibodies  arising  early  in  the  immunization  regimen  suppress  CTL. 
However,  following  multiple  inoculations,  modest  CTL  are  boosted  sufficiently  to 
mediate  the  reciprocal  suppression  of  antibody.  To  overcome  this  reciprocity  and  induce 
CTL  earlier  in  the  immunization  regimen,  we  sought  to  enhance  the  induction  of  CTL  by 
evaluating  the  potential  of  immunizing  with  expression  vectors  encoding  specific  CTL 
epitopes. 
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To  induce  CTL,  antigen  presenting  cells  process  virus-derived  antigens  by  proteolysis 
into  8-  to  10-  amino  acid  residues-long  peptides  that  are  presented  in  context  of  major 
MHC  class  I  molecules.  The  fact  that  only  small  parts  of  antigens  are  sufficient  to  induce 
CTL  has  been  exploited  in  the  construction  of  experimental  polyepitope-based  vaccines 
(33,  34,  35).  Unlike  the  use  of  whole  antigens,  this  approach  allows  focus  of  the 
cytotoxic  cellular  immune  responses  toward  highly  conserved  and  important  epitopes  and 
excludes  peptide  domains  that  could  induce  suppressive  antibody  responses. 

One  disadvantage  associated  with  CTL  epitope-based  vaccines  is  the  lack  of  T  helper  cell 
epitopes  that  cooperate  with  cytotoxic  T  cells  to  increase  the  potency  of  the  response 
against  a  given  epitope.  Indeed,  peptide  antigens  often  require  conjugation  to  an 
immunogenic  carrier  moiety  to  elicit  efficient  immunogenicity.  Several  studies  have 
demonstrated  that  the  hepatitis  B  virus  nucleocapsid  antigen  (HBcAg)  may  represent  an 
efficient  carrier  moiety  (36).  Indeed,  the  HBcAg  particle  induces  potent  immune 
responses  in  humans  and  experimental  animals  (37)  and  studies  in  mice  have 
demonstrated  that  the  protein  antigen  HBcAg  elicits  strong  T  helper  cell  responses  (38). 
This  enhanced  immunogenicity  may  be  due  to  the  ability  of  HBcAg  to  self-assemble  into 
an  immunogenic  particle  (39).  For  this  reason,  HBcAg  has  been  used  as  a  carrier  moiety 
for  translationally  fused  heterologous  peptide  B  cell  epitopes  (39, 40).  Based  on  these 
observations,  we  sought  to  evaluate  the  potential  of  enhancing  DNA  vaccine-induced 
CTL  responses  in  rhesus  macaques  by  inserting  an  SIV  gag-specific,  Mamu  A*01- 
restricted  CTL  epitope  (pi  1C:  CTPYDINQM)  (27)  into  an  internal  position  of  a  carrier 
HBcAg  expression  vector  (HBcAg- A*  01). 

To  test  for  induction  of  CTL  responses  against  the  inserted  epitope,  3  rhesus  macaques 
were  primed  with  an  expression  vector  encoding  a  multi-epitope  polypeptide  consisting 
of  mouse,  human,  and  macaque  CTL  epitopes,  including  the  pi  1C  epitope  described 
above.  This  construct,  called  pTH.HW,  was  generated  by  inserting  the  C. . .M  epitope 
into  the  expression  vector  previously  described  as  pTH  (41).  Two  monkeys  (95045  and 
95058)  received  4  booster  immunizations  consisting  of  a  co-delivery  of  the  pTH.HW 
vector  with  the  hepcAg-A*01  vector.  The  third  monkey  (96031)  received  2  identical 
booster  immunizations.  The  first  booster  immunizations  were  administered  6  (96031)  or 
13  (95045,  95058)  weeks  after  the  prime.  Subsequent  booster  immunizations  were 
administered  4  to  6  weeks  apart  in  all  animals.  Peripheral  blood  mononuclear  cells  were 
isolated  and  stimulated  in  vitro  for  2  weeks  with  peptide-pulsed  EBV-transformed 
autologous  B  cells.  The  percentage  of  C...M-specific  CD8+  T  cells  was  quantitated  for 
each  monkey  by  flow  cytometry  using  FITC-coupled  tetrameric  Mamu  A*01  /  pi  1C,  C- 
M  complex  as  previously  described  (27).  In  addition,  C. .  .M-specific  cytolytic  activity 
was  determined  by  measuring  lysis  against  peptide-pulsed  autologous  B  cells  in  a  51Cr- 
release  assay.  The  results  are  shown  in  Figure  4  below. 
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In  vitro  restimulated  CTL  responses  in 
DNA-immunized  Mamu  A*01  monkeys 


Figure  4:  Induction  of  epitope-specific  CD8+  T  lymphocytes  in  an  SIV  infected  monkey  and  three  DNA- 
vaccinated  monkeys.  CD8+  T  cell  responses  were  measured  after  each  of  5  DNA  inoculations  for  monkeys 
95058  and  95045  and  each  of  3  DNA  inoculations  for  monkey  9603 1 .  PBMC  were  stimulated  for  2  weeks 
in  vitro  and  then  stained  with  tetrameric  complexes  (Panel  A)  or  tested  in  standard  51Cr-release  assays 
(Panel  B). 


These  results  show  that  a  single  inoculation  with  the  pTH.HW  vector  resulted  in 
detectable  CTL  responses.  However,  a  second  inoculation  with  a  combination  of  the 
pTH.HW  vector  and  the  hepcAg-A*01  vector  resulted  in  a  significant  increase  in  these 
responses.  Additional  DNA  vaccinations  with  both  vectors  effectively  boosted  these 
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responses  in  two  of  these  monkeys  (95058,  96031)  to  levels  greater  than  that  detected  in 
an  SIV-infected  monkey.  These  results  suggest  that  a  DNA-based  immunization  strategy 
is  capable  of  inducing  CTL  responses  equal  to  or  greater  than  a  viral  infection. 
Furthermore,  these  results  support  an  epitope-based  strategy  for  the  efficient  induction  of 
CTL  by  DNA  immunization. 

We  hypothesized  that  the  HBcAg  functioned  as  an  adjuvant  to  enhance  responses  to  this 
epitope.  To  evaluate  this  potential  role  of  HBcAg,  we  measured  specific  IgG  responses 
generated  against  cAg  in  these  animals.  Figure  5  shows  a  direct  correlation  between  the 
immunogenicity  against  the  cAg  of  the  carrier  vector  (cAg  IgG)  and  the  level  of  C. .  .M- 
specific  CTL  in  each  animal  and  after  each  immunization.  These  results  provide  evidence 
for  an  adjuvant  role  of  HBcAg  in  this  strategy. 


cAg  IgG  responses 
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Figure  5:  HBcAg-specific  IgG  responses  in  monkeys  monkeys  vaccinated  with  the  HBcAg-A*01  carrier 
plasmid.  Monkeys  were  primed  with  the  pTH.HW  expression  vector.  The  second  dose  (boost  1) 
represents  the  primary  immunization  for  HBcAg-A*01. 


We  have  reported  that  combining  DNA  with  recombinant  viral  vectors  in  a  prime-boost 
regimen  results  in  the  induction  of  synergistic  responses  (22).  Recently,  Hanke  et.  al. 
reported  enhancement  of  epitope-specific  CTL  responses  following  a  similar  DNA  prime 
/  MVA  (modified  vaccinia  Ankara)  boost  vaccination  regime  (34).  To  determine  if  an 
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MV  A  booster  immunization  enhance  CTL  responses  in  these  monkeys,  we  administered 
5  XI 08  p.f.u.  of  a  recombinant  MVA  encoding  the  HW  polyepitope  genes),  including 
C...M  (MVA-HW).  Table  5  shows  the  induction  of  very  high  frequency  tetramer  staining 
(10  and  18  %)  in  fresh,  unrestimulated  PBMC  in  two  of  these  monkeys.  Furthermore,  we 
were  able  to  detect  primary  killing  of  peptide-pulsed  autologous  targets  by 
unrestimulated  PBMC  isolated  from  these  monkeys  after  the  MVA  boost. 


Monkey 

Tetramer  Staining 
(Fresh,  unrestimulated  PBMC) 

Cytolytic  Activity 
(Frozen,  unrestimulated  PBMC) 

95058 

18.0% 

14% 

96031 

8.3% 

7% 

95045 

0.8  % 

-2% 

Table  4:  Tetramer  staining  and  cytolytic  activity  from  fresh  or  frozen  unrestimulated. 
Monkeys  were  immunized  with  5  (95058,  95045)  or  3  (96031)  DNA  inoculations 
followed  by  1  inoculation  with  recombinant  MVA-HW.  PBMC  were  assayed  one 
week  following  MVA  inoculation. 


Based  on  these  results,  we  have  identified  a  gene  gun-based  immunization  regimen  that 
induces  very  high  frequency  CTL  responses  against  viral  epitopes.  These  levels  exceed 
levels  induced  by  acute  SIV  infection.  Based  on  these  frequencies  and  the  detection  of 
primary  lysis  from  unrestimulated  PBMC,  we  believe  these  responses  may  be  the  highest 
levels  of  vaccine-induced  CTL  ever  detected  in  a  nonhuman  primate  model. 

Murine  Model 


Background:  A  number  of  reports  have  demonstrated  that  immune  responses  induced  by 
DNA  delivery  can  be  manipulated  by  co-delivery  of  various  cytokine  expressing  genes 
(43),  the  resting  period  between  immunizations  (44),  the  number  of  doses  administered 
(6),  and  the  route  of  DNA  delivery  (45).  However,  few  of  these  studies  have  reported  the 
effects  of  such  manipulations  on  protection  against  infection. 

We  recently  reported  that  co-administration  of  DNA  encoding  interleukin-6  and  genes  for 
influenza  substantially  improved  protection  against  influenza  infection  following  a 
mucosal  (intranasal)  challenge  (25).  We  also  reported  that  administration  of  DNA  to  the 
tongue  of  pigs  was  superior  to  skin  DNA  administration  for  protection  against  mucosally 
administered  swine  influenza  (12).  However,  the  mechanisms  mediating  these  apparent 
improvements  were  not  identified.  IL-6  is  important  for  end-stage  differentiation  of  B 
cells  and  studies  have  demonstrated  that  IL-6  is  critical  for  the  induction  of  mucosal  IgA 
responses  (46).  However,  IL-6  also  stimulates  proliferation  of  T  cells  (47).  Therefore  IL- 
6  may  enhance  immunity  to  influenza  by  increasing  both  IgA  for  protection  from 
infection  at  mucosal  surfaces  and  cellular  immune  responses  for  viral  clearance.  The 
enhanced  protection  in  pigs  following  delivery  of  DNA  to  the  tongue  suggests  the  tongue 
may  be  an  inductive  site  for  mucosal  immunity. 
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To  evaluate  the  immune  effects  of  IL-6,  we  delivered  DNA  encoding  hepatitis  B  surface 
antigen  DNA  encoding  human  IL-6  or  control  (empty)  vector.  In  parallel  we  also 
evaluated  the  tongue  as  an  inductive  site  for  mucosal  immune  responses  by  including 
mice  immunized  with  HBsAg  DNA  codelivered  with  IL-6  or  control  DNA. 

Five  groups  of  Balb/  C  mice  each  received  2  gene  gun  DNA  immunizations  at  weeks  0 
and  4  as  follows: 

•  Group  1 :  HBsAg  +  IL-6  delivered  to  the  tongue 

•  Group  2:  HBsAg  +  Control  vector  delivered  to  the  tongue 

•  Group  3:  HbsAg  +  IL-6  delivered  to  the  skin 

•  Group  4:  HbsAg  +  Contol  vector  delivered  to  the  skin 

•  Group  5:  Control  mice:  Control  vector  or  IL-6  vector  delivered  to  either  tongue  or 
skin. 

We  compared  the  induction  of  total  IgG,  IgGl,  IgG2a,  serum  and  mucosal  IgA,  T  helper 
responses,  and  CTL  in  these  animals.  Antibody  and  T  helper  responses  are  summarized 
in  Table  5. 


Skin  (S)  vs.  Tongue  (T) 

Effect  of  co-delivery  with  IL-6 * 

Antibody  titer 

T  =  S 

No  effect 

IgGl 

S  >  T 

Increase 

IgG2a 

T  >/=  S 

Decrease 

IFN 

S  >  T 

No  effect  (S  ),  Increase  (T) 

IL-4 

Little  or  non  detected 

Increase  (S),  No  effect  (T) 

IgA  (serum  and 
secretory) 

Low  or  none  detected  for  all 
specimens 

No  effect 

Table  5:  Evaluation  of  HbsAG-specific  responses  following  gene  gun  delivery  of  DNA  to  the  tongue  or 
skin  and  the  co-delivery  of  IL-6.  >  (relative  increase  in  response),  <  (relative  decrease  in  response),  = 
(equivalent  responses).  Antibody  titers,  IgGl,  IgG2a,  serum  IgA  were  measured  by  ELISA  against 
recombinant  HBsAg.  Secretory  IgA  responses  were  measured  by  ELISA  in  the  vaginal  washes  and  saliva 
collected  1  or  2  weeks  post-immunization.  IFN  and  IL-4  release  were  measure  by  ELISA  of  supernatant  of 
in  vitro  rHBsAg  stimulated  splenocytes. 


Antibody  responses  were  not  affected  by  skin  or  tongue  immunization  or  by  co-delivery 
with  IL-6.  In  addition,  there  was  no  clear  influence  in  any  of  these  groups  on  the  T 
helper  cells  responses,  as  indicated  by  IFN  and  IL-4  and  by  antibody  isotype  (IgGl, 
IgG2a).  A  significant  finding  was  that  neither  the  tongue  nor  IL-6  co-delivery  resulted  in 
the  induction  of  detectable  secretory  IgA  responses.  These  results  indicate  the  enhanced 
protection  seen  with  IL-6  and  tongue  delivery  is  not  due  to  induction  of  localized 
mucosal  immunity.  These  results  further  suggest  that  the  tongue  is  not  an  inductive  site 
for  mucosal  immunity.  However,  these  results  do  not  account  for  potential  differences 
between  the  mouse  and  pig  model.  Additional  pig  studies  will  be  required  to  elucidate 
the  mechanisms  for  enhancement  of  protective  immunity  by  tongue  inoculation. 
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Although  co-delivery  of  IL-6  had  no  effect  on  the  T  helper  or  antibody  responses  in  these 
animals,  it  had  a  potent  positive  effect  on  the  induction  of  CTL  (Table  6).  These  results 
suggest  that  the  enhanced  protection  against  influenza  associated  with  co-delivery  of  IL-6 
DNA  may  be  mediated  by  CTL.  Future  studies  will  utilize  IL-6  to  enhance  CTL  in  the 
SIV  model  for  AIDS.  In  addition,  additional  studies  will  aim  to  determine  if  there  is  a 
correlation  between  IL-6-mediated  enhancement  of  protection  and  enhancement  of 
specific  CTL.  Over  the  next  year,  murine  studies  will  continue  to  provide  valuable 
information  on  methods  to  enhance  specific  immune  responses  for  application  in  the 
development  of  a  candidate  vaccine  against  HIV. 

CONCLUSION: 


To  effectively  test  candidate  DNA  vaccines  in  the  SIV  model  for  AIDS,  we  focused  our 
efforts  toward  specific  aim  1  (optimization  of  DNA  immunization  parameters  in  animal 
models)  on  further  refining  parameters  for  eliciting  maximum  responses  in  the  rhesus 
macaque.  Work  toward  this  aim  evaluated  the  role  of  local  inflammation  at  the  target  site 
(erythemia)  for  the  induction  of  immune  responses  and  optimized  the  level  of  erythemia 
needed  to  maximize  these  responses. 

Work  towards  specific  aim  2,  elicitation  of  protective  immune  responses  in  the  pig  as  a 
model  for  DNA  immunization  of  human  skin,  was  completed  during  our  last  two  report 
periods.  We  documented  these  data  in  reports  submitted  in  September  of  1996  and 
October  of  1997.  In  summary,  gene  gun-based  DNA  immunization  induced  protection  in 
pigs  against  swine  influenza  (12)  and  induced  protective  levels  of  neutralizing  antibody 
against  hepatitis  B  (9). 

We  continued  to  use  the  nonhuman  primate  model  for  work  towards  specific  aim  3,  the 
development  of  DNA-based  vaccines  for  AIDS  by  induction  of  HIV- 1  and  SIV-specific 
immune  responses  in  rhesus  macaques.  Work  toward  this  aim  resulted  in  development  of 
a  gene  gun-based  method  that  induces  very  high  frequency  CTL  responses  against 
specific  SIV  epitopes  in  monkeys.  In  addition,  we  continued  to  evaluate  the  potential  to 
elicit  mucosal,  peripheral,  and  protective  immune  responses  by  comparing  direct  DNA 
delivery  to  mucosal  versus  skin  surfaces  in  these  animals.  We  also  initiated  studies  to 
evaluate  the  potential  of  a  DNA  immunization  regimen  that  induces  CTL  to  act  as  an 
adjuvant  in  the  setting  of  highly  active  anti -retroviral  therapy  (HAART).  Finally,  we 
initiated  three  challenge  studies  to  test  the  efficacy  of  these  strategies  for  protection 
against  SIV. 

The  murine  model  was  employed  toward  specific  aim  4,  the  modification  or 
augmentation  of  humoral  or  cytotoxic  cellular  immune  responses  by  co-delivering 
cytokine  encoding  genes  with  antigen  expressing  vectors.  Work  toward  this  aim  focused 
on  strategies  to  enhance  CTL  responses  by  co-delivery  of  DNA  expressing  the  cytokine 
IL-6.  In  addition,  we  used  the  murine  model  to  evaluate  the  tongue  as  an  inductive  site 
for  mucosal  immune  responses. 

During  the  final  year  of  our  grant,  we  will  obtain  valuable  challenge  data  in  the 
nonhuman  primate  model  to  evaluate  the  potential  for  CTL  to  protect  against  infection  or 
disease,  or  control  virus  in  the  setting  of  highly  active  antiretroviral  therapy.  A 
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particularly  promising  strategy  that  emerged  during  this  period  was  the  development  of  a 
novel  method  to  induce  high  frequency  CTL  responses  in  monkeys.  Over  the  next  year, 
we  plan  to  continue  to  explore  this  method  in  the  context  of  development  of  a  polyepitop- 
based  DNA  vaccine.  In  addition,  we  plan  to  continue  to  employ  the  murine  model  to 
evaluate  methods  for  enhancement  of  specific  immune  responses  including  the 
development  of  novel  expression  vectors  and  evaluation  of  the  potential  to  co-deliver 
classical  adjuvants  or  chemokines. 
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ADDENDUM:  Table  6 


Target  site 

HBsAg  +  IL-6 

(%  specific  lysis  -  control  lysis) 

HBsAg  +  Control  (empty)  vector 
(%  specific  lysis  -  control  lysis) 

Skin 

49.8 

19.7 

Skin 

48.5 

32.5 

Skin 

27.2 

34.0 

Tongue 

24.9 

-7.7 

Tongue 

30.5 

14.0 

Tongue 

19.2 

1.2 

Table  6:  Percent  specific  lysis  against  peptide-pulsed  target  cells  at  an  effector :  target  ratio  of 
50/1  was  compared  in  mice  immunized  with  a  codelivery  of  HBsAg  +  IL-6  DNA  vs.  mice 
immunized  with  a  codelivery  of  HBsAg  +  control  (empty)  vector  DNA.  Control  lysis  against 
unpulsed  targets  was  subtracted.  Mice  were  immunized  in  the  skin  or  tongue  as  indicated.  A 
statistical  difference  between  these  groups  was  determined  by  paired  T-test  analysis  (p  <  0.05) 


REFERENCES: 


1.  Wolff,  J.A.,  Malone,  R.W.,  Williams,  P.,  Chong,  W.,  Acsadi,  G.,  Jani,  A.,  and 

Feigner,  P.L.  1990.  Direct  gene  transfer  into  mouse  muscle  in  vivo.  Science  247: 
1465-1468. 

2.  Eisenbraun,  M.D.,  Fuller,  D.H.,  and  Haynes,  J.R.  1993.  Examination  of  parameters 

affecting  the  elicitation  of  humoral  immune  responses  by  particle  bombardment- 
mediated  genetic  immunization.  DNA  Cell  Biol.  12:  791-797. 

3.  Wang,  B,  Ugen,  K.E.,  Srikantan,  V.,  Agadjanyan,  M.G.,  Dang,  K.,  Refaeli,  Y.,  Sato, 

A.I.,  Boyer,  J.,  Williams,  W.V.,  and  Weiner,  D.B.  1993.  Gene  inoculation 
generates  immune  responses  against  human  immunodeficiency  virus  type  I.  Proc. 
Natl.  Acad.  Sci.  USA  90:  4156-4160. 

4.  Tang,  D.C.,  DeVit,  M.,  and  Johnson,  S. A.  1992.  Genetic  immunization  is  a  simple 

method  for  eliciting  an  immune  response.  Nature  356:  152-154. 

5.  Ulmer,  J.B.,  Donnelly,  J.J.,  Parker,  S.E.,  Rhodes,  G.H.,  Feigner,  P.L.,  Dwarki,  V.J., 

Gromkowski,  S.H.,  Deck.  R.R.,  DeWitt,  C.M.,  Friedman,  A.,  Hawe,  L.A., 
Leander,  K.R.,  Martinez,  D.,  Perry,  H.C.,  Shiver,  J.W.,  Montgomery,  D.L.,  and 
Liu,  M.A.  1993.  Heterologous  protection  against  influenza  by  injection  of  DNA 
encoding  a  viral  protein.  Science  259:  1745-1749. 

6.  Fuller,  D.H.  and  Haynes,  J.R.  1994.  A  qualitative  progression  in  HIV  type  1 

glycoprotein  120-specific  cytotoxic  cellular  and  humoral  immune  responses  in 
mice  receiving  a  DNA-based  glycoprotein  120  vaccine.  AIDS  Res.  Hum. 
Retroviruses  10:  1433-1441. 

7.  Haynes,  J.R.,  Fuller,  D.H.,  McCabe,  D.E.,  Swain,  W.F.,  and  Widera,  G.  1996. 

Induction  and  characterization  of  humoral  and  cellular  responses  elicited  via  gene 
gun-mediated  nucleic  acid  immunization.  Advanced  Drug  Delivery  Reviews  21 : 
3-18. 


8.  Davis,  H.L.,  Michel,  M.-L.,  Mancini,  M.,  Schleef,  M.,  and  Whalen,  R.G.  1994. 

Direct  gene  transfer  in  skeletal  muscle:  Plasmid  DNA-based  immunization 
against  the  hepatitis  B  virus  antigen.  Vaccine  12:  1503-1509. 

9.  Fuller,  J.T.,  Macklin,  M.D.,  Drape,  R.J.,  McCabe,  D.E.,  Swain,  W.F.,  Haynes,  J.R., 

and  Widera,  G.  1997.  Gene  gun-mediated  immunization  with  hepatitis  B  virus 
surface  antigen:  Efficacy  in  small  and  large  animals.  Vaccines  97,  F.  Brown,  E. 
Norrby,  D.  Barton,  J.  Mekalanos  (eds.)  CSHL  Press,  pp.  157-161. 

10.  Pertmer,  T.M.,  Eisenbraun,  M.D.,  McCabe,  D.,  Prayaga,  S.K.,  Fuller,  D.H.,  Haynes, 

J.R.  1995.  Gene  gun-based  nucleic  acid  immunization:  Elicitation  of  humoral 
and  cytotoxic  T  Lymphocyte  responses  following  epidermal  delivery  of  nanogram 
quantities  of  DNA.  Vaccine  13:15,  pp.  1427-1430. 


t  .  c  p  ■> 

,  S’  • 


1 1 .  Livingston,  J.B.,  Lu,  S.,  Robinson,  H.,  Anderson,  D.J.  1998.  Immunization  of  the 

female  genital  tract  with  a  DNA-based  vaccine.  Infect  Immun  66:322-329. 

12.  Macklin,  M.D.,  McCabe  D.E.,  McGregor  M.W.,  Neumann  V.,  Meyer,  T.,  Callan  R., 

Hinshaw,  V.S.,  Swain,  W.F.  1998.  Immunization  of  pigs  with  a  particle- 
mediated  DNA  vaccine  to  influenza  A  virus  protects  against  challenge  with 
homologous  virus.  J  Virol  72:1491-1496. 

13.  Stingl,  G.  1990.  Dendritic  cells  of  the  skin.  Dermatol.  Clin.  8:  673-679. 

14.  Stingl,  G.,  Tschachler,  E.,  Groh,  V.,  Wolff,  K.,  and  Hauser,  C.  1989.  The  immune 

functions  of  epidermal  cells.  Immunol.  Ser.  46:  3-72. 

15.  MacDonald,  T.T.,  Spencer,  J.  1994.  Gastrointestinal  and  Hepatic  Immunology  R.H. 

HeatleyEd.  Cambridge  University  Press,  pp.  1-23. 

16.  Veazey,  R.S.,  DeMaria,  M.,  Chalifoux,  L.V.,  Shvetz,  D.E.,  Pauley,  D.R.,  Knight, 

H.L.,  Rosenzweig,  M.,  Johnson,  R.P.,  Desrosiers,  R.C.,  Lackner,  A. A.  1998. 
Gastrointestinal  Tract  as  a  Major  Site  of  CD4+  T  Cell  Depletion  and  Viral 
Replication  in  SIV  Infection.  Science  280:427-431. 

17.  Mellors,  J.W.,  Rinaldo,  C.R.,  Gupta,  P.,  White,  R.M.,  Todd,  J.A.,  Kingsly,  L.A. 

1996.  Prognosis  of  HIV-1  infection  predicted  by  the  quantity  of  virus  in  plasma. 
Science  272:1167-1170. 

18.  Rinaldo,  C.,  Huang,  X.,  Fan,  Z.,  et.  al.  1995.  High  levels  of  anti-HIV-1  memory 

cytotoxic  T-lymphocyte  activity  and  low  viral  load  are  associated  with  lack  of 
disease  in  HIV- 1  infected  long-term  nonprogressors.  J  Virol  69:5838-5842. 

19.  Pantaleo,  C.,  Menzo,  S.,  Vaccarezza,  M.,  et.  al.  1995.  Studies  in  subjects  with  long¬ 

term  nonprogressive  human  immunodeficiency  virus  infection.  N  Engl  J  Med 
332:209-216. 

20.  Klein,  M.R.,  van  Baalen,  C.A.,  Holwerda,  A.M.,  Kerkhof  Garde,  S.R.,  Bende,  R.J., 

Keet,  I.P.,  Eeftinck-Schattenkerk,  J.K.,  Osterhaus,  A.D.,  Schuitemaker,  H., 
Miedema,  F.  1995.  Kinetics  of  Gag-specific  cytotoxic  T  lymphocyte  responses 
during  the  clinical  course  of  HIV- 1  infection:  a  longitudinal  analysis  of  rapid 
progressors  and  long-term  asymptomatics.  J  Exp  Med  181:4  pp.  1365-1372. 

21.  Dam  Nielsen,  S.,  Kjar  Ersboll,  A.,  Mathiesen,  L.,  Nielsen,  J.O.,  Hansen,  J.E.  1998. 

Highly  Active  Antiretroviral  Therapy  Normalizes  the  Function  of  Progenitor 
Cells  in  Human  Immunodeficiency  Virus-Infected  Patients.  J  Infect  Dis  178:5 
pp.  1299-1305. 

22.  Fuller,  D.H.,  Simpson,  L.,  Stefano,  K.C.,  Clements,  J.E.,  Panicali,  D.L.,  Montelaro, 

R.C.,  Murphey-Corb,  M.,  Haynes,  J.R.  1997.  Gene  gun-based  nucleic  acid 
immunization  alone  or  in  combination  with  recombinant  vaccinia  vectors 
suppresses  virus  burden  in  rhesus  macaques  challenged  with  a  heterologous  SIV. 
Immunology  and  Cell  Biology  75:389-396. 


24 


K 


► 


«*> 


ft 


23.  Tsai,  C.C.,  Follis,  K.E.,  Beck,  T.W.,  Sabo,  A.,  Bischofberger,  N.,  Dailey,  P.J.  1997. 

Effects  of  (R)-9-(2-phosphonylmethoxypropyl)adenine  monotherapy  on  chronic 
SIV  infection  in  macaques.  AIDS  Res  Hum  Retroviruses  13:8  pp.  707-712. 

24.  Tsai,  C.C.,  Follis,  K.E.,  Sabo,  A.,  Beck,  T.W.,  Grant,  R.F.,  Bischofberger,  N., 

Benveniste,  R.E.,  Black,  R.  1995.  Prevention  of  SIV  infection  in  macaques  by 
(R)-9-(2-phosphonylmethoxypropyl)adenine.  Science  270:5239  pp.  1197-1199. 

25.  Larsen,  D.L.,  Dybdahl-Sissoko,  N.,  McGregor,  M.W.,  Drape,  R.,  Neumann,  V., 

Swain,  W.F.,  Lunn,  D.P.,  Olsen,  C.W.  1998.  Coadministration  of  DNA  encoding 
interleukin-6  and  hemagglutinin  confers  protection  form  influenza  virus  challenge 
in  mice.  J.  Virol  72:1704-1708. 

26.  Livingston,  J.B.,  Lu,  S.,  Robinson,  H.,  Anderson,  D.J.  1998.  Immunization  of  the 

female  genital  tract  with  a  DNA-based  vaccine.  Infect  lmmun  66:322-329. 

27.  Kuroda,  M.J.,  Schmitz,  J.E.,  Barouch,  D.H.,  Craiu,  A.,  Allen,  T.M.,  Sette,  A., 

Watkins,  D.I.,  Forman,  M.  A.,  Letvin,  N.L.  1998.  Analysis  of  Gag-specific 
Cytotoxic  T  Lymphocytes  in  Simian  Immunodeficiency  Virus-infected  Rhesus 
Monkeys  by  Cell  Staining  with  a  Tetrameric  Major  Histocompatibility  Complex 
Class  I-Peptide  Complex.  J  Exp  Med  187:9  pp.  1373-1381. 

28.  Lu,  S.,  Arthos,  J.,  Montefiori,  D.C.,  et.  al.  1996.  Simian  Immunodeficiency  virus 

DNA  vaccine  trial  in  macaques.  J.  Virol  70:3978-3991. 

29.  Letvin,  N.L.,  Montefiori,  D.C.,  Yasutomi,  Y.,  Perry,  H.C.,  Davies,  M.E.,  Lekutis,  C., 

Alroy,  M.,  Freed,  D.C.,  Lord,  C.I.,  Handt,  L.K.,  Liu,  M.A.,  Shiver,  J.W.  1997. 
Potent,  protective  anti-HIV  immune  responses  generated  by  bimodal  HIV 
envelope  DNA  plus  protein  vaccination.  Proc.  Natl.  Acad.  Sci,  USA.  94:9378- 
9383. 

30.  Trivedi,  P.,  Horejsh,  D.,  Hinds,  S.B.,  Hinds,  P.W.II,  Wu,  M.S.,  Salvato,  M.S.,  Pauza, 

C.D.  1996.  Intrarectal  transmission  of  simian  immunodeficiency  virus  in  rhesus 
macaques:  Selective  amplification  and  host  responses  to  transient  and  persistent 
viremia.  J  Virol  6876-6883. 

31.  Murphey-Corb,  M.,  Trichel,  A.M.,  Wu,  K.,  Ohkawa,  S.,  Roberts,  D.,  Wilson,  L.A. 

Induction  of  Env-specific  Class  I  restricted  CTL  in  the  colonic  mucosa  of  rhesus 
monkeys  by  transient  SIV  infection  is  associated  with  protection  against  colonic 
challenge  with  heterologous  virus.  (Submitted). 

32.  Condon,  C.,  Watkins,  S.C.,  Celluzzi,  C.M.,  Thompson,  K.,  Falo,  L.D.  1996.  DNA- 

based  immunization  by  in  vivo  transfection  of  dendritic  cells.  Nat  Med  2:1 122- 
1128. 

33.  Nayersina,  R.,  Fowler,  P.,  Guilhot,  S.,  Missale,  G.,  Cemy,  A.,  Schlicht,  H-J.,  Vitiello, 

A.,  Chesnut,  R.,  Person,  J.L.,  Redeker,  A.G.,  Chisari,  F.V.  1993.  HLAA2 
Restricted  Cytotoxic  T  Lymphocyte  Responses  to  Multiple  Hepatitis  B  Surface 
Antigen  Epitopes  during  Hepatitis  B  Virus  Infection.  J  Immunol  150:4659-4671. 


25 


34.  Hanke,  T.,  Blanchard,  T.J.,  Schneider,  J.,  Hannan,  C.M.,  Becker,  M.,  Gilbert,  S.C., 

Hill,  A.V.S.,  Smith,  G.L.,  McMichael,  A.  1998.  Enhancement  of  MHC  class  I- 
restricted  peptide-specific  T  cell  induction  by  a  DNA  prime/MVA  boost 
vaccination  regime.  Vaccine  16:5  pp.  439-445. 

35.  Yu,  Z.,  Karem,  K.L.,  Kanangat,  S.,  Manickan,  E.,  Rouse,  B.T.  1998.  Protection  by 

minigenes:  a  novel  approach  of  DNA  vaccines.  Vaccine  16:17  pp.  1660-1667. 

36.  Schodel,  F.,  Peterson,  D.,  Hughes,  J.,  Milich,  D.  1994.  Hepatitis  B  virus  core 

particles  as  a  vaccine  carrier  moiety.  Int.  Rev.  Immunol.  1 1 : 153. 

37.  Milich,  D.R.  1988.  T  and  B  cell  recognition  of  hepatitis  B  viral  antigens.  Immunol 

Today  9:380. 

38.  Milich,  D.R.,  McLachlan,  A.,  Moriarty,  A.,  Thornton,  G.B.  1987.  Immune  response 

to  hepatitis  B  core  antigen  (HBcAg):  localization  of  T  cell  recognition  sites 
within  HBcAg/HBeAg.  J  Immunol  139:1223. 

39.  Clarke,  B.E.,  Newton,  S.E.,  Carroll,  A.R.,  Francis,  M.J.,  Appleyard,  G.,  Syred,  A.D., 

Highfield,  P.E.,  Rowlands,  D.J.,  Brown,  F.  1987.  Improved  immunogenicity  of  a 
peptide  epitope  after  fusion  to  hepatitis  B  core  protein.  Nature  (Lond.)  330:381. 

40.  Schodel,  F.,  Wirtz,  R.,  Peterson,  D.,  Hughes,  J.,  Warren,  R.,  Sadoff,  J.,  Milich,  D. 

1994.  Immunity  to  Malaria  Elicited  by  Hybrid  Hepatits  B  Virus  Core  Particles 
Carrying  Circumsporozoite  Protein  Eptiopes.  J  Exp  Med  180:1037-1046 

41.  Hanke,  T.,  Schneider,  J.,  Gilbert,  S.G.,  Hill,  A.V.S.,  McMichael,  A.  1998.  DNA 

multi-CTL  epitope  vaccines  for  HIV  and  Plasmodium  falciparum : 
Immunogenicity  in  mice.  Vaccine  16:426. 

42.  Raz,  E.,  Carson,  D.A.,  Parker,  S.E.,  Parr,  T.B.,  Abai,  A.M.,  Aichinger,  G., 

Gromkowski,  S.H.,  Singh,  M.,  Lew,  E.,  Yankauckas,  M.A.,  Baird.,  S.M.,  and 
Rhodes,  G.H.  1994.  Intradermal  gene  immunization:  The  possible  role  of  DNA 
uptake  in  the  induction  of  cellular  immunity  to  viruses.  Proc.  Natl  Acad.  Sci. 
USA  91:  9519-9523. 

43.  Xiang,  Z.,  and  H.  C.  Ertl.  1995.  Manipulation  of  the  immune  response  to  a  plsmid- 

encoded  viral  antigen  by  coinoculation  with  plasmids  expressing  cytokines. 
Immunity  2:129-135. 

44.  Fuller  DH,  Murphey-Corb  M,  Barnett  S,  Steimer  K,  Haynes  JR.  Enhancement  of 

immunodeficiency  virus-specific  immune  responses  in  DNA-immunized  rhesus 
macaques.  Vaccine  1997. 

45.  Pertmer,  T.M.,  Roberts,  T.R.,  and  Haynes,  J.R.  1996.  Influenza  virus  nucleoprotein- 

specific  immunoglobulin  G  subclass  and  cytokine  responses  elicited  by  DNA 
vaccination  are  dependent  on  the  route  of  vector  DNA  delivery.  J.  Virol.  70: 
6119-6125 


*  * 


46.  Holmgren,  J.  C.  Czerkinsky,  N.  Lycke,  and  A.-M.  Svennerbolm  (1992).  Mucosal 

immunity:  Implications  for  vaccine  development.  Immunobiology  184:  157-179. 

47.  Van  Snick,  J.  1990.  Interleukin-6:  an  overview.  Annu.  Rev.  Immunol.  8:  253-278. 


27 


REPLY  TO 
ATTENTION  OF: 


DEPARTMENT  OF  THE  ARMY 

US  ARMY  MEDICAL  RESEARCH  AND  MATERIEL  COMMAND 
504  SCOTT  STREET 

FORT  DETRICK,  MARYLAND  21702-5012 


MCMR-RMI - S  (70-ly) 


t »  jun  mi 


MEMORANDUM  FOR  Administrator,  Defense  Technical  Information 
Center  (DTIC-OCA) ,  8725  John  J.  Kingman  Road,  Fort  Belvoir, 
VA  22060-6218 

SUBJECT:  Request  Change  in  Distribution  Statement 


1.  The  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports.  Request  the  limited  distribution  statement  for  reports 
on  the  enclosed  list  be  changed  to  "Approved  for  public  release; 
distribution  unlimited."  These  reports  should  be  released  to  the 
National  Technical  Information  Service. 


2.  Point  of  contact  for  this  request  is  Ms.  Judy  Pawlus  at 


DAMD17-94- J-4391 
DAMD17 -94-J-4426 
DAMD17 - 94-J-4426 


ADB247843 

ADB240092 

ADB252231 


3  OF  3 


